L eslie F l e e t w o o d B a te s, p h y sicist and L a n c a sh ire -S p e n c e r P ro fesso r of P hysics at th e U n iv e rsity of N o ttin g h a m (fo rm erly U n iv ersity C ollege of N o ttin g h a m ) fro m 1936 u n til his re tire m e n t in 1964, d ied on 20 Ja n u a ry 1978. H e will be re m e m b e re d for his ex p erim en tal c o n trib u tio n s to m any aspects of ferro m a g n etism , for his active in te re st in physics ed u catio n , for his d ev o ted service on m any co m m ittees of learn ed and professional societies an d of g o v ern m e n t d e p a rtm e n ts an d for his m o n o g rap h M odern m a g n e t i s m , w h ich , w hen it was first p u b lish e d in 1939, filled an im p o rta n t gap in th e list of books for u n d erg rad u ates. B ristol, In d ia , B ristol, Cambridge, 1897 -1924 L eslie F leetw ood B ates was b o rn on 7 M arch 1897 in K in gsw ood, B ristol, th e eldest child of W illiam F leetw o o d Bates of B letchley, B u ck in g h am shire, and H e n rie tta A nne P earce of K in gsw ood, B ristol. H e had th ree b ro th ers, one of w hom died in infancy, and tw o sisters. H is fath e r w orked all his life as a clerk in a bo o t m a n u fa ctu rin g co m p an y and, alth o u g h the fam ily lived in m o d est circu m stan ces, Bates reg ard ed his hom e life as com fortable com p ared w ith th a t of m o st of his schoolm ates. F ro m an early age, 3 or 4 years, he was sen t reg u larly to C h u rc h of E n g lan d services b u t at th e te n d e r age of 7 he decided to cu t his links w ith th e C h u rch of E n glan d and began to fre q u e n t a sm all M o rav ian ch u rch . H e m ain tain ed his con n ectio n w ith th a t religious sect and fro m the age o f 16 until his m id -tw en ties he took an active p a rt in th e M o rav ian C h u rc h 's B ro th erh o o d M ov em en t.
L ife
U n til 1909 he was at th e H an h am R oad B oys' School ru n by th e local council and it was the h ead m aster, F. G . V ixey, w ho encouraged him to p rep are for scholarships. H aving w on b o th b u rsary and scholarship he w ent to the M erch an t V en tu rers S econdary school w here he was ta u g h t l m athem atics, ch em istry and languages by som e first-rate teachers: his F rench teacher was none o th e r th an th e fath e r of P. A. M . D irac (F .R .S . 1930) . H e was n ot so lucky w ith his physics teach er w hom he d escrib ed as 'u npleasant and lazy'.
In 1913, having w on a C ity of B ristol S ch o larsh ip , he began his stu d ies at the U n iv ersity of B ristol w here A. M . T y n d a ll was head of th e P hysics D e p artm en t. H e aim ed at an h o n o u rs degree in physics b u t th e o u tb reak of w ar in A ugust 1914 m odified this am b itio n . H e was 17 and, influenced by his fa th e r's stro n g pacifist views, he stayed on at th e U n iv ersity and took exam inations in physics and m ath em atics (S. B rodetsky, later R ector of the H ebrew U n iv ersity o f Jeru salem , was one o f his fav o u rite teachers) and obtained a B.Sc. (pass) degree in J u n e 1916. H e co m b in ed his university studies w ith w ork in th e X -ray d e p a rtm e n t of th e B eaufort M ilitary H ospital and early in 1916 he qualified as a rad io g ra p h er in the Royal A rm y M edical C orps. H e was co m m issio n ed as a lieu ten an t (u n attach ed list) for service in In d ia. H e sailed for In d ia in A u g u st 1916 and rem ained th ere until A pril 1920. D u rin g m o st of th a t tim e he was officer in charge of the X -ray L ab o ra to ry IX (S ecu n d erab a d ) D ivision. A lth o u g h he found life som ew hat lonely an d w ork none too exciting he never reg retted his fo u r years in th e arm y. In his co n sid erab le spare tim e he did a lot of reading, n o t only physics b u t also biology. H e stu d ied languages and becam e fairly fluent in G erm an and a b it less so in F ren ch . A lthough his arm y experience did to som e ex ten t influence him in ru n n in g his D e p a rtm e n t in later years he rem ain ed refresh in g ly u n affected by the then p rev alen t racial a ttitu d e of the In d ian A rm y. H e rem arked once th at the g reatest co m p lim en t ever paid to him was by one of his research stu d en ts a ro u n d 1930 w ho said 'Y ou are a very g reat m an. You have been a C ap tain in th e A rm y in In d ia and yet you can talk to m e like an L nglishm an w ho has never been to In d ia !' T h e stu d e n t was a M uslim from A jm eer.
Bates re tu rn e d to the U n iv ersity of B ristol in 1920 and ap p lied for a g ran t to stu d y m edicine b u t was tu rn e d dow n because, already having a B .Sc., the au th o rities co n sid ered his ed u catio n as co m p leted . So he w ent back to the Physics D e p a rtm e n t and for the n ex t tw o years, was em ployed as a stu d e n t d e m o n stra to r' and had his first taste of research. H e w orked on the direct m e asu re m en t of the gyro m ag n etic ratio, m ainly w ith A. P. C hattock, F .R .S ., w hom he reg ard ed as th e 'finest, m ost gentlem anly and k indest p e rs o n ' he had ever m et, and th e ir firm frien d sh ip was broken only by C h a tto c k 's d eath in 1934. D u rin g those tw o years he also co llaborated w ith W. S u ck sm ith (F .R .S . 1940) on sim ilar pro b lem s and th u s began his lifelong in terest in and p re occupation w ith all aspects of ferro m ag n etism .
1 hen in 1922, having won a D .S .I.R . stu d en tsh ip , he en tered T rin ity College, C am brid g e, to w ork for a P h .D . at the C avendish L ab o rato ry u n d e r the su p erv isio n of S ir E rn e st (later L o rd ) R u th e rfo rd . H e stu d ied th e lo n g -ran g e a -p a rtic le s em itte d by rad iu m , th o riu m , actin iu m and p o lo n iu m and m easu red a -p a rtic le ranges in rare gases. H e fo u n d th e w ork ra th e r difficult and 'n o n e too satisfac to ry '. T h e th ree p ap ers (tw o of th e m w ritte n u n d e r jo in t a u th o rsh ip w ith J. S. R ogers) in th e Proceedings o f the R o ya l Society covering th is w ork w ere his only p u b licatio n s-ap art from his first p ap er p u b lish e d in 1920 ab o u t 'cen terin g an X -ray tu b e used above a c o u c h ' n o t related to ferro m ag n etism . , 1924 , -36 In 1924 Bates was ap p o in ted A ssistan t L e c tu re r in th e Physics D e p a rtm e n t of U n iv ersity C ollege L o n d o n , u n d e r th e p ro fesso rsh ip of A. W . P o rte r, F .R .S . (it sh o u ld be rem e m b ered th a t in those days 'P ro fe sso r' and 'head of th e d e p a rtm e n t' w ere sy nonym ous). H e becam e L e c tu re r in 1928, S en io r L e c tu re r in 1929 and R ead er in 1930 at the age of 33, a rap id p ro m o tio n co n sid erin g th a t he had 'lo st' a b o u t fo u r years th ro u g h his arm y service. T h e a p p o in tm e n t of E. N . da C. A n d rad e (F .R .S . 1935) to th e P ro fesso rsh ip in 1928 was an im p o rta n t ev en t in B ates's career. U n lik e his p red ecesso r, A n d rad e was p rim arily an e x p eri m e n talist and h elp ed and en co u rag ed Bates in m any w ays. F ro m th e n on Bates m ain tain ed a reg u lar scientific o u tp u t un til his re tire m e n t in 1964, averaging n early fo u r p u b licatio n s p er year.
London
In 1925 Bates m a rried W in ifred (W innie) F ran ces F u rze R id ler w hom he had m et at the LTn iv ersity o f B ristol soon after his re tu rn fro m In d ia. She was th ree years his ju n io r, had stu d ied b o tan y , o b ta in in g a first class h o n o u rs B.Sc. in 1922. H e said th a t he n o ticed h er first for th e b eau tifu l shoes she was w earing, b u t he cam e to be p ro u d o f h er scientific attain m en ts. H e liked to p o in t o u t th a t, at the tim e of th e ir eng ag em en t in 1923, she w ith h er M .S c. was m o re highly qualified th an he, a m ere B.Sc. W in n ie gave up h er professional career soon after h er m arriag e b u t rem ained a ch am p io n of equal statu s for w om en, especially in ed ucation. She was an activ6 m e m b er of the B ritish F ed eratio n of U n iv ersity W om en, and Bates co n sisten tly helped and encouraged h er in these endeavours. T h e y had tw o ch ild ren . T h e ir son R oger F leetw ood Bates (born 1929) , becam e a school m aster, and th e ir d au g h ter, D r E lizabeth S usan Bates (M rs L au tch ), b o rn 1933, qualified as a d o ctor.
T h e Bates m arriag e was a sin g u larly h ap p y and h arm o n io u s one. Bates was very m uch a fam ily m an w ho w ould sp en d all his free tim e w ith his wife, and his child ren w hile they w ere young and at hom e. H e liked w orking at hom e; he in th e d in in g room , W in n ie and the ch ild ren each in th e ir ow n room : the fam ily was always to gether. T h e y w ould regularly go on fam ily holidays, m any of them com bined w ith B ritish A ssociation m eetings.
N o ttingham , 1936-64
In 1936 Bates was ap p o in ted L a n c a sh ire -S p e n c e r P ro fesso r of P hysics in the U n iv ersity College of N o ttin g h a m , w hich becam e th e U n iv ersity of N o ttin g h am in 1948. H e held this p o sitio n u n til his re tire m e n t in 1964. H e soon b u ilt up his ow n active research g ro u p w orking m ainly in ferrom agnetism , b u t also en co u rag in g o th e r research g ro u p s, h elp in g them to obtain fu n d s and taking an in terest in th e ir w ork.
A fter the o u tb reak of w ar in 1939, w hile c o n tin u in g w ith his teach in g and ad m in istrativ e d u ties, he becam e involved in various o th e r activities not connected w ith th e U n iv ersity . B etw een 1941 an d 1944 he was co n su ltan t to the In te r-S e rv ic e s R esearch B ureau, w o rk in g on m ag n etic devices, in p articu la r w ith those co n cern ed w ith th e deg au ssin g of ships.
H e was also D e p u ty L iaison Officer to B .B .C . N o ttin g h a m from 1941 to 1944. H is connectio n w ith defence m a tters d id n o t cease w ith the end of the w ar. Betw een 1946 and 1956 he acted, jo in tly w ith W . S u ck sm ith , F .R .S ., as co n su ltan t to th e A d m iralty C om pass L ab o ra to ry , D itto n P ark, S lough. H e was also S en io r Scientific A d v iso r for Civil D efence, N o rth M id la n d R egion, betw een 1951 and 1972-w ork th a t was recognized by the aw ard of a C .B .E . in 1966.
A fter the w ar B ates's trip s ab ro ad on lectu re to u rs, conferences, etc., becam e freq u en t and W in n ie usually acco m p an ied him . It was in fact his desire to take W in n ie w ith h im on his first trip to th e U .S .A . th a t resu lted in his becom ing co n su ltan t and adviser to th e A d m ira lty 's U n d e rw a te r C o u n te rm easu res and W eap o n s E sta b lish m e n t at H av an t, a po sitio n he held from M ay 1952 to A pril 1965. E arly in 1952 Bates w rote to a colleague of his, A. B. W ood, w ho w orked for th e A d m iralty , tellin g of his in ten tio n to atten d , accom panied by his w ife, a sy m p o siu m on m ag n etic m aterials to be held in W ash in g to n , D .C ., d u rin g S ep te m b er 1952 u n d e r the auspices of the Office of N aval R esearch. H e w o n d ered w h eth er he could do 'som e jo b or o th e r for m y L o rd s of the A d m ira lty ' so as 'to raise a few h o n est dollars w hile I am th e re to save m y self from p e n u ry '. T h e re follow ed a visit to the H av an t E sta b lish m e n t w hich, in the w ords of the then C h ief of the Royal N aval Scientific Service, M r W . R. Cook (later S ir W illiam Cook, F .R .S .), earn ed an 'en th u siastic re p o rt' from th e chief scientist of th e estab lish m en t, and Bates was a p p o in ted w ith an annual h o n o rariu m of £105 (100 guineas), w hich rem ain ed the sam e u n til he gave up the consultancy in 1965. B ecause of som e ad m in istrativ e b u n g lin g the first in tim atio n of the en d in g of his ap p o in tm e n t cam e in a c u rt note dated 19 M ay 1964 from th e M in istry of D efence saying th a t 'it will be no longer necessary to call u pon y o u r serv ices'. Bates was som ew hat p u t o u t by this co m m u n icatio n , b u t th e m a tte r was settled am icably and he in fact co n tin u ed for an o th er year.
A p art from trip s to co n tin en tal E u ro p e they also visited Jap an , the U .S .S .R . and India.
By th e late 1950s Bates h ad becom e m o re and m o re involved in p la n n in g th e new b u ild in g for th e P hysics D e p a rtm e n t. U n d e r the U n iv ersity S tatu tes he was d u e to retire at th e age of 65, i.e. in 1962, b u t his te n u re was ex ten d ed by tw o years u n til O cto b er 1964. H e was th u s able to sp en d th e last 18 m o n th s of his p ro fesso rsh ip in th e new la b o rato ry , and also to p lan an d b rin g to fru itio n th e In tern a tio n a l C o n feren ce on M ag n etism h eld in N o ttin g h a m in S ep te m b er 1964. It was a m e m o rab le ev en t m ark in g th e en d of his stew ard sh ip of a P hysics D e p a rtm e n t th a t u n d e r his 28 y e a rs' lead ersh ip becam e a ren o w n ed place of teach in g and research. "Phis conference was one in th e series of biennial m a g n etism conferen ces h eld u n d e r th e auspices of the In tern a tio n a l U n io n of P u re and A p p lied P hysics. T h e final decision on th e venue of th e conference was taken in 1961 in K y o to at the m eetin g th e M ag n etism C o m m issio n of IU P A P . A lth o u g h th e in v itatio n by the U n iv ersity of N o ttin g h a m had been accep ted p ro v isio n ally tw o years earlier, the C om m ission nearly ch an g ed its m in d on d isco v erin g the lack of large lecture th eatres, w hich m ig h t have m ean t th e n u m b e r of p articip a n ts b eing lim ited to 300. H o w ev er, B ates p ro p o sed a new plan for th e conference and show ed th a t, by th e in tro d u c tio n of parallel sessions in a p p ro p ria te cases, th e re w o u ld be no need to lim it th e n u m b e rs. T h e com m ission, sensing th e b itte r d isa p p o in tm e n t th a t a change from N o ttin g h a m w ould cause, listen ed to B ates's elo q u en t, and at tim es em otional, plead in g and th e situ a tio n was saved.
R etirem ent
Soon after his re tire m e n t in 1965 Bates suffered a sad loss in th e death of his wife. T h e y h ad been m a rrie d for ju s t over 40 years. Bates, w ith rem ark ab le resilience, co n tin u ed w ith his various activities such as exam ining, ch airin g co m m ittees, edito rial w ork and travelling regularly to L o n d o n , until ab o u t 1977 w hen as a resu lt of diabetes his h ealth began to d eterio rate. S till, he was sufficiently fit to travel to O xford to atten d a reu n io n d in n e r of H olw eck P rizew in n ers on 16 D ecem b er 1977. A lth o u g h physically frail he enjoyed th e evening w ith his friends and colleagues from F ran ce and B ritain and was visibly to u ch ed by the w arm th , affection and resp ect show n to him as th e doyen of the H olw eck laureates present.
H e died in hospital after a sh o rt illness on 20 Jan u ary 1978, aged nearly 81.
W ork (a ) Research

(i) E arly work
Bates had barely tu rn ed 17 years old w hen he was first intro d u ced to research as a 's tu d e n t-a ssista n t' on som e work on m agen to strictio n . As it som etim es h ap p en s his first experience seem s to have had a lasting effect and B ates's co n tin u in g fascination w ith m ag n etism , and in p articu la r ferro m ag n etism , m ay be traced back to those early days at th e U n iv ersity of B ristol.
As chance w ould have it, on his re tu rn to B ristol in 1920 he again engaged in w ork on ferro m ag n etism . C o llab o ratin g w ith A. P. C h atto ck , F .R .S ., he was involved in th e first d irect m e asu re m en ts of th e gyrom agnetic ratio for iron and nickel (2 ).# H e also w orked w ith W . S u ck sm ith on an im p ro v ed te ch n iq u e for m e asu rin g g y ro m ag n etic ratios (3) w hich ev en tu ally led to S u c k sm ith 's d ete rm in a tio n of th e g y ro m agnetic ratio for m any p aram ag n etic su b stan ces.
T h e years 1922-4 w ere sp en t on d o in g a P h .D . thesis u n d e r th e supervision of R u th e rfo rd on rad io activ ity (4, 5) and in p a rtic u la r on th e range of a -p articles in rare gases (6). Bates reg ard ed th e C am b rid g e period as an in terlu d e b u t n ev erth eless valuable. H e recalled how R u th e rfo rd used say th a t 'it did n o b o d y any h arm to follow an o th er b ran ch of ex p erim en tal w ork for a tim e '.
(ii) M n A s , M n P
A fter m oving to U n iv ersity C ollege L o n d o n in 1924 he re tu rn e d to his first love, ferro m ag n etism , nev er to leave it again. It was w hile read in g D e b y e 's article on m ag n etism in the H andbuch der Radiologie (p u b lish e d in 1926) th a t his a tten tio n was d raw n to th e existence of th e ferro m ag n etic m anganese co m p o u n d s M n P (C u rie P o in t 24 °C), M n A s (42 °C), M n S b (330 C), M nB i (380 C). In view of th e ir u n u su al p ro p erties and because M nA s and M n P b o th have C u rie p o in ts aro u n d o rd in ary te m p e ra tu re he decided to stu d y th em and, for th e n ex t few years, they w ere his p rin cip al p reo ccu p atio n (7-11, 17, 18) . T h e th e rm al and m ag n etic b eh av io u r of these substances differ in several aspects from those of say N i o r Fe: th e ir in trin sic m ag n etizatio n d ro p s sh arp ly in a relatively n arro w te m p e ra tu re interval, and th e re is a co rresp o n d in g ly a b ru p t e n tro p y change and high specific heat anom aly n ear th e C u rie p o in t. T e m p e ra tu re h ysteresis and non -n eg lig ib le m agnetocaloric effects m ade th e evalu atio n and in te rp re tation of the experim en tal resu lts difficult. T h e m easu rem en ts, w hich w ere done m ainly on M n A s b u t also on M n P , covered su scep tib ility (above the C urie po in t), m ag n etizatio n (below th e C u rie po in t), specific heats, electrical resistivity, th e rm o ele ctric pow er and a d irect d e te r m in atio n of th e energy associated w ith th e in trin sic m agn etizatio n . T h is was done by an ingenious m eth o d based on the te m p e ra tu re v ariatio n of the electrochem ical p o tential (8). T h ese are p erh ap s the m o st exhaustive m easu rem en ts on this g ro u p of su b stan ces and it says m u ch for B ates's experim ental m astery th a t his resu lts stood the test of tim e.
The numbers in parentheses refer to the Bibliography.
(iii) A m algam M anganese was in th o se days a rarity , an d B ates m ade it via th e am algam . H av in g d ev elo p ed th e te ch n iq u e of m ak in g p u re m etals by electrolysis into m e rc u ry he used it to p rep are M n and C r. H e m easu red th e ir p ro p e rtie s, and in C r he disco v ered a sm all m ag n etic change at 40 °C associated w ith a n tife rro m a g n e tism (19) (20) (21) (22) . H e also carried o u t extensive stu d ies on d ilu te am algam s of th e ferro m ag n etic m etals iron, cobalt and nickel an d of silver (2 3 -2 7 , 30, 31, 36, 38, 42) . W ork on the iron am algam s was p articu la rly im p o rta n t an d h ad w ar n o t b ro k en o u t in 1939, it m ig h t have led to th e p ro d u c tio n of sm all iron p articles and the early d ev elo p m en t of p e rm a n e n t m ag n ets by p o w d er technology.
D u rin g his w artim e w ork w ith th e In terserv ices R esearch B u reau B ates becam e in terested in p e rm a n e n t m ag n et m aterials an d c o n stru c te d a m ag n etic p o te n tio m e te r to stu d y p e rm a n e n t m ag n ets (43) . H e also m e asu re d b o th th e tran sv erse an d th e lo n g itu d in al m a g n eto resistan ce of h ig h -co erciv ity alloys (44). It was fo u n d th a t in all these alloys th e resistivity decreased w ith in creasin g m ag n etic field, in co n tra st to cobalt, w Tich in a tran sv erse field show ed a decrease in resistiv ity , b u t an increase in lo n g itu d in a l field.
(iv) Thermom agnetic measurements
As a resu lt of w o rk in g w ith h ig h -co erciv ity m ag n etic m aterials B ates becam e in terested in h y steresis p h en o m en a. A lth o u g h W a rb u rg 's law, statin g th a t th e area of th e hy steresis loop was equal to the energy d issip ated in a cycle, was en u n ciate d in 1881, it was nearly h alf a cen tu ry later, in 1927 th a t A d elsb erg er first m easu red th e te m p e ra tu re changes o ccu rrin g in a hy steresis cycle. H e fo u n d th a t, w hereas som e of the changes of m ag n etizatio n are irrev ersib le and p ro d u ce h eating, oth ers, bein g reversible, are acco m p an ied by h eatin g o r cooling d ep en d in g on w h e th e r the m ag n etizatio n is increased or decreased. Because th e largest te m p e ra tu re excursions are only of th e o rd e r of 10~4 K a th e rm o m etric sensitivity of the o rd e r of 10 7 K is n eeded. T h e ex p erim en ters w ho follow ed A d elsb erg er used a large n u m b e r of th erm o co u p les in series, all of th e m attached to the sam e specim en, usually a w ire of ab o u t 4 m m d iam eter and 400 m m long. Bates im p ro v ed th e tech n iq u e by having the th erm o co u p les in p a r a l l e l, each one co n n ected to its ow n p rim w in d in g on a m u m etal rin g serving as a tran sfo rm e r core. T h e secondary w inding of th e tra n sfo rm e r was co n n ected to a ballistic galvanom eter, its deflexion, p ro d u ced by a su d d en change in the m agnetizing field, being p ro p o rtio n al to th e co rresp o n d in g te m p e ra tu re change. T h e calibration was done by the m echanocaloric effect, i.e. the fall in te m p e ra tu re w hen th e w ire was su d d en ly stretch ed . T h is cooling could be calculated from th e know n applied stress and the th erm al expansion coefficient. F o r some m easu rem en ts he used a single differential th erm o co u p le connected directly to a sensitive g alv an o m eter and galvanom eter-am plifier.
T h e ex p erim en ts consisted in m easu rin g th e te m p e ra tu re changes accom panying step by step changes in th e m ag n etizatio n , b o th in low and m o d erate m agnetic fields. T h a n k s to th e hig h sen sitivity of th e ap p ara tu s and w ith the help of special te ch n iq u es it was possible to separate the reversible and the irrev ersib le changes, w hich w ere usually su p e rim posed. H eat effects due to sm all changes in the sp o n tan eo u s m ag n etization could be allow ed for by using th e S to n e r-R h o d e s th eo ry . In the high field range th e m e asu re m en ts th erefo re gave th e heat changes due to dom ain v ecto r ro tatio n and these could be co m p ared w ith the values calculated from the an iso tro p y con stan ts. T h e analysis at low fields was m ore com plicated, b u t w ith new ly developed g rap h ical ex am in atio n m eth o d s it was fo u n d th a t each coercivity fo rm u la could be sep arated into tw o p arts and the te m p e ra tu re -d e p e n d e n t p a rt could be evaluated from th e th erm al m easu rem en ts. T h e w ork on Fe, Co, N i and som e alloys was p u b lish e d m ainly b etw een 1940 and 1953 (32, 37, 39, 40, 4 5 -4 8 , 51, 55, 58, 70, 83, 85, 108, 140) . T h e se m e asu re m en ts w ere later ex ten d ed to ferrites (71, 81, 85, 93, 101, 112, 118) and to g ad o lin iu m (121).
(v) Powder patterns
T h e success of th e th e rm o m ag n e tic m e asu re m en ts in g aining a b e tte r u n d e rsta n d in g of th e m ag n etizatio n process p ro m p te d Bates to apply various visual te ch n iq u es. T h e m o st p o w erfu l of these was th e B itter p o w d e r-p a tte rn tech n iq u e, th o u g h electro n m icroscope and p o larized light tech n iq u es w ere also em ployed. T h is w ork began in 1950 (52) and for th e ensuing 15 years som e 50 p ap ers w ere d evoted, in m o st cases exclusively, to p o w d e r-p a tte rn stu d ies of m ag n etic do m ain stru c tu re . T h e last tw o pap ers (132, 137) ap p eared in 1961 and 1963 respectively and w ere concern ed w ith m etallic g ad o lin iu m and w ith 'co lu m ax ' a p e rm a n e n t m ag n et alloy of F e -C o -N i-A l-C u .
N ovel tech n iq u es w ere developed in N o ttin g h a m for m aking new colloids and so w ere m eth o d s of surface tre a tm e n t for th e w ide variety of m aterials studied . T h e em p h asis was always on the q u an titativ e aspects of dom ain studies. N u m erical d ata w ere fo u n d for various closure dom ain system s, e.g. the echelon p atte rn , discovered by D . H . M a rtin at N o ttin g h am , for spike and tu b e system s and for d o m ains of reverse m agnetization. T h e tech n iq u es w ere initially applied to single crystals of silicon-iron, cobalt, nickel and nickel > iron, b u t w ere later used success fully on ferrites and on p erm a n en t m ag n et m aterials.
The tw o -p ro n g ed ap proach to th e stu d y of th e hysteresis cycle led q u ite n atu rally to attem p ts to co rrelate do m ain p o w d er p attern s w ith the co rresp o n d in g m ag n eto th erm al m easu rem en ts. It was show n w ith the help of a single crystal of silicon-iron th a t at 'te ch n ica l' satu ratio n small spikes and dom ains of reverse m ag n etizatio n gave rise to th erm al changes th a t w ere indistin g u ish ab le from those due to v ecto r-ro tatio n s. In fact p o w d e r-p a tte rn studies co m bined w ith m ag n eto th erm al m easu rem en ts show ed th a t d issim ilar d o m ain s tru c tu re s had essentially th e sam e energy values.
T h e p o w d e r-p a tte rn te c h n iq u e h ad a special a ttra c tio n for Bates. O n th e one h an d it was a challenge to his ex p erim en tal in g en u ity an d on the o th e r th e visual d isplay of th e m icro sco p ic processes, prev io u sly only co n jectu red , fascinated him . H e was th e re fo re d elig h ted w hen, in 1950, he was asked by M e rto n P ark S tu d io s to collaborate w ith th em in m a k ing an ed u catio n al film on p o w d er p a tte rn s for th e E lectrical D ev elo p m e n t A ssociation. T w o full d a y s' w ork in th e P hysics D e p a rtm e n t at N o ttin g h a m resu lted in a h ig h ly successful film, w hich Bates first show ed at a M ag n etism C o n feren ce in G ren o b le.
Bates h ad close co n tacts w ith A E R E H arw ell, and m any m e asu re m en ts w ere m ad e of th e electric, m ag n etic and th erm al p ro p e rtie s of u ra n iu m an d th o riu m an d th e ir alloys w ith Ce, N d , Z r, etc. (75, 76, 90, 102, 103, 119, 120, 131, 138) . H e also p erfo rm e d ex p erim en ts on tw o p u re rare e arth m etals, n am ely N d (80) and G d (132) b u t, m u ch to th e reg ret of P ro fesso r K . W . H . S tevens, w ho reg ard ed this w ork as b o th im p o rta n t and p ro m isin g , th ese first m e asu re m en ts w ere n o t follow ed up and ex p an d ed . A possible ex p lan atio n is th a t by th e late 1950s and early 1960s, as a resu lt of th e m u ltip licatio n of research activities in th e d e p a rtm e n t, th e re m ay have b een a d earth of research stu d en ts.
L ooking at th e to tality of B ates's research one is stru ck by his singlem in d ed and passio n ate in terest in ferro m ag n etism , his love for e x p eri m ental w ork and his a tte n tio n to detail. W ith in his chosen, albeit restric ted , field of in terest he has p ro b ab ly c o n trib u te d m o re d ata-all critically evaluated an d clearly p re se n te d -th a n anyone else. In these days w hen the Science C itation In d ex is beco m in g fashionable one m ig h t m e n tio n th a t in th e b ib lio g rap h y of B o z o rth 's m o n u m en tal treatise Ferromagnetism, p u b lish e d in 1951, Bates is alm ost neck and neck w ith H o n d a, Snoek and P. W eiss and is only o u td istan ced by N eel-and by W . K oster.
(vii) O ther research in N ottingham
Bates did n o t try to force his ow n p red ilectio n on m em b ers of his staff. As the d e p a rtm e n t began to grow im m ed iately after the w ar new areas of research w ere open ed up. A lth o u g h Bates was very m u ch an experim ental physicist he realized th e need for a th eoretical g ro u p in a physics d e p a rtm e n t and, early in 1954, K . W . H . Stevens took up his a p p o in t m en t as R eader in T h eo retical Physics, soon to be co n v erted into a P rofessorship. Stevens n o t only established a flourishing theoretical g roup b u t also stim u lated ex p erim en tal activities in o th er areas, notably in low te m p e ra tu re physics. It was also Stevens w ho organized colloquia and sem inars, so th a t the various g ro u p s got to know w hat each was doing. Bates often, th o u g h n o t regularly, a tten d ed these colloquia and also took a som ew hat superficial in terest in th e research th a t was far outside his field.
P rofessor H . C. B olton (now at M o n ash U n iv ersity ), w ho was a le ctu rer betw een 1946 and 1951, gives a good d escrip tio n of the d e p a rtm e n t in the p o st-w ar years: 'Bates typified in m any th in g s th e way the sin g le-P ro fesso r d e p a rtm e n t developed th ro u g h and bey o n d th e years of the second w ar. H e ran the d e p a rtm e n t th e w ay he w an ted it b u t was far-sig h ted eno u g h to allow a lot of freedom to his staff and even su p p o rt activities th a t he m u st have som etim es felt w ere a b it far from his ideas of m ain stream p h y sic s. ' It is a fact th a t am ong those w ho sp en t several years in th e d e p a rtm e n t doing p o stg rad u ate w ork or as lectu rers a fair n u m b e r achieved professorial or sim ilar p o sitio n s in B ritain and ab ro ad . F o r fear of o m ittin g som e nam es I shall n o t a tte m p t to list them ; suffice it to say th a t the n u m b e r seem s to be a ro u n d 15. , was a textbook and ow ed its p o p u larity am ong stu d en ts, lectu rers and tu to rs largely to its being the only book ol its sort. T h e u n d e rsta n d in g of m ag n etism in te rm s of q u a n tu m th eo ry and q u a n tu m m echanics m ade en o rm o u s strid es in the 1920s and 1930s and, in ad d itio n to th e tw o books nam ed above, one should also m en tio n S to n e r's p io n eerin g book M agnetism and atomic structure, p u b lish ed in 1926. B ates's book filled the need for a reasonably elem entary book tracin g the h isto ry of various aspects of m ag n etism largely from the exp erim en tal p o in t of view, show ing how the w ealth of experim ental data was assem bled, d ep ictin g the in terp lay of ex p erim en t and theory. It was an ad m irab ly o rganized and w ell-w ritten book and even if som e of th e ex planation lacked th e rig o u r or in sig h t one m ig h t have expected, it covered the en tire field and stim u lated stu d en ts and teachers alike to fu rth e r reading. T h e book w ent th ro u g h four editions, the last rep rin ted in 1963, and it sold ab o u t 13 000 copies all told, a creditable record for those days. It appears to have been tran slated into
only in tim a tio n Bates had of this was 'th e receip t fro m th e C am b rid g e U n iv ersity P ress of a m oiety of th e sum paid for th e rig h ts of tra n s la tio n '.
B ates was a m u ch so u g h t-a fte r le ctu rer and a fte r-d in n e r speaker. H e alw ays took im m en se pains in p re p a ra tio n , usually w ritin g o u t th e full text, w ith u n d e rlin in g s for em p h asis. H e loved visual aids, such as slides, and it was n o t u n k n o w n for h im to cram close to a h u n d re d slides into one h o u r w hen le ctu rin g on p o w d er p a tte rn s. In spite of his g reat experience he alw ays suffered fro m stage frig h t, b u t once he got going he becam e m o re relaxed.
As a V isitin g E x am in er to th e B oard o f S tu d ies in P hysics of the U n iv ersity of L o n d o n betw een 1961 and 1977, Bates had a p art in sh ap in g physics ed u catio n in B ritain . W ith cu sto m ary con scien tio u sn ess he co m m en te d on ex am in atio n p ap ers, on can d id a te s' scrip ts and oral ex am in atio n s, on th e syllabus, etc. M o reo v er he d id n o t regard ex am in a tions solely as tests of th e s tu d e n ts ' cap ab ilities, he also tried to glean from the exam in atio n s in fo rm atio n ab o u t how th e stu d e n ts w ere ta u g h t. H e acted as E x tern al E x am in er at th e B rig h to n C ollege of T ec h n o lo g y , at the A h m ad u Bello U n iv ersity , N ig eria, at th e U n iv ersity of M alta and the U n iv ersity of H ull. In L o n d o n he was p articu la rly involved at various tim es w ith Im p erial C ollege, Q u een M ary College and U n iv ersity C ollege.
(ii) A dm inistration
Bates stro n g ly believed th a t u n iv ersity teachers sh o u ld be actively associated w ith th e a d m in istratio n and th e general co n d u ct of u n iv ersity affairs, in c lu d in g finance. In this resp ect he was so m eth in g of a p ro p h et. N ow adays even young lectu rers find it im p o rta n t to becom e good at 'g ra n ts m a n sh ip '. A t one tim e, in th e 1940s, Bates even seem s to have flirted w ith the idea of beco m in g an 'a d m in is tra to r'. T h is at least is w hat em erges from a le tter he received in 1944 from S ir E d w ard S alisbury, F .R .S ., D ire c to r of K ew . H e w rote 'I d id n o t know th a t you had leanings tow ards the ad m in istrativ e side as a m ain p re o c c u p a tio n ', and encourages Bates, 'T ak e advantage and seize any o p p o rtu n ity as m ay offer'. D u rin g th e w hole of his career in N o ttin g h am , Bates was involved one way or an o th er in un iv ersity ad m in istratio n , q u ite ap art from his ow n d e p a rtm e n t and seeing the new physics b u ild in g th ro u g h from its design and co n stru ctio n to its com p letio n . H e was V ice-P rincipal of the College for tw o years and D ep u ty V ice-C h an cello r of the U n iv ersity for th ree years, and served on the S enate and on various com m ittees.
Bates acted betw een 1965 and 1968 as A ssessor to the U n iv ersity G ra n ts C om m ittee to give advice ab o u t g ran ts for eq u ip m en t w henever a new d ep a rtm e n t was created or an existing d e p artm en t m oved into new prem ises. H e was concerned w ith the follow ing universities (in alphabetical order): B ath, B attersea C ollege of T ech n o lo g y (later S urrey), B irm ingham College of A d v an ced T e c h n o lo g y (later A ston), E xeter, K eele, M an ch este r C ollege of Science an d T ec h n o lo g y (later U .M .I .S .T .) , S alford C ollege of A dvanced T e c h n o lo g y (later U n iv ersity of Salford) and S tirlin g . I w orked w ith h im as an assessor on th ree occasions, and fo u n d him fair to th e ap p lican ts b u t w ith th e U .G .C .'s financial lim itatio n s always on his m in d . H e gave stro n g su p p o rt to those w hose applicatio n s, ex trav ag an t th o u g h th ey m ay have seem ed, w ere honestly justified . B ut he w ould lose his te m p e r and could becom e really bellicose w hen he n o ticed th a t an ap p lican t was try in g to p u ll th e wool over his eyes.
It is am usin g th a t, several years b efore b eco m in g th e U .G .C .'s 'g am ek eep er', he h im self h ad been a 'p o a c h e r' w hen he ap p lied for an eq u ip m e n t g ran t for th e new P hysics D e p a rtm e n t. T h e assessors, w hile allow ing th e ap p licatio n for w o rk sh o p eq u ip m e n t, tu rn e d dow n his req u est for research e q u ip m e n t. H e was te rrib ly u p set ab o u t it, even th o u g h it was reasonably arg u ed th a t th e decision sh o u ld be taken by B ates's successor. It was largely for this reason th a t P ro fesso r E. R. A n d rew took up his p o sitio n as th e h o ld e r of a te m p o rary 'C h air of E x p erim en tal P h y sics' n in e m o n th s b efore he succeeded Bates as L an c a sh ire -S p e n c e r P rofessor. A n d re w 's ap p licatio n for £ 2 5 0 0 0 0 was g ran te d , and alth o u g h B ates w o u ld g ru m b le occasionally 'I only got 40% of w hat I asked for, you got e v e rth in g ', he took it in good p art. A nd th is in cid en t certainly h elp ed h im in his later activities as an assessor.
Bates served on m any co m m ittees of learn ed societies and g o v ern m ental bodies, b u t I have chosen only a few for m en tio n .
H e was secretary of th e M ag n etism C o m m issio n of th e In tern a tio n a l U n io n of P u re and A p plied P hysics (IU P A P ) fro m its in cep tio n in 1957 until 1966 . In this capacity he h ad a lot to do w ith th e In tern a tio n a l C onferences on M ag n etism h eld u n d e r IU P A P auspices d u rin g th is period. In ad d itio n he a tten d ed tw o IU P A P G en eral A ssem blies and kept th e B ritish N atio n al C o m m ittee for P hysics in fo rm ed of the C o m m issio n 's activities.
H e was a m e m b er of th e Royal S o ciety 's S ym bols C o m m ittee from 1960 and was its C h airm an from 1968 to 1977. H e rep resen ted in th is capacity the Royal Society on th e U n its and S ym bols S tan d a rd s C o m m ittee of th e B ritish S ta n d a rd s In stitu tio n . T h is w ork was very m u ch to B ates's liking and he was ideally su ited for it. H e was in terested in and co ncern ed ab o u t th e topics th a t cam e w ith in the S ym bols C o m m itte e 's term s of reference, nam ely q u an tities, u n its, n o m en clatu re and ab breviation, b u t he also h ad the rig h t te m p e ra m e n t to deal w ith the arg u m en ts and co n tro v ersies th a t arose in co rresp o n d en ce and at m e e t ings. It is rem arkable th a t m any scientists w ho are to leran t w hen discussing scientific m a tters becom e inflexible and d ogm atic on qu estio n s of u n its and term inology. It n eed ed B ates's patience, so u n d know ledge and persuasive p ersistence for th e C o m m ittee to w ork h arm o n io u sly and to p ro d u ce, d u rin g his ch airm an sh ip , tw o ed itio n s, in 1971 and 1975 , of the b ro c h u re Q u a n tities, U nits and Sym bols. Bates recalls how in ab o u t 1912 at th e age of 15 w hile read in g M e llo r's Textbook on inorganic chem istry, 'his in terest was aro u sed by a q u o tatio n from the Book of S olom on w hich th e a u th o r had placed at the head in g of c h a p te r 4-A tom ic W eights. T h e q u o ta tio n was 'F o r in th y w isdom th o u hast o rd ered all th in g s by m easu re, by o rd e r and by w e ig h t" .' H e was d elig h ted w hen, m o re th an 60 years later, th e sam e q u o ta tio n ap p eared in th e preface of the Royal S o cie ty 's 1975 b ro ch u re.
T h e re is an excuse, if such be needed, for keeping ra th e r sh o rt this review3 * * * 7 of B ates's w ork n ot d irectly co n n ected w ith his research, because in fo rm atio n on th ese aspects m ay be fo u n d in B ates's scru p u lo u sly p reserv ed co rresp o n d en ce, n o tes, etc. H e k ep t p ractically ev ery th in g he had received and copies, or at least b rie f notes, of ev ery th in g he had sent out. H e even w an ted to ease th e task of those w ho, for one reason or an o th er, w ere going to look at his p ap ers and, w here ap p ro p ria te, added h a n d w ritte n exp lan atio n s on letters received. I w ant to give ju s t one exam ple, chosen because it also illu strates one of B ates's m ost en d earin g q ualities, nam ely his in terest in people for th e ir ow n sake, n o t ju s t for th e ir scientific w ork. W h en he received a le tter from P ro fesso r C. K ittel th a n k in g him for th e re p rin t of th e B iographical M em o ir of S to n er, he w rote u n d e r the sig n atu re 'P ro fesso r C harles K ittel. A u th o r of a great book on Solid S tate P hysics. M a rried to a G lo u cester w o m an '.
P e r so n a l it y (a ) Personal attitudes
In his appearance and general d em ean o u r Bates gave the im pression of a m an w ith m o d erate and, on th e w hole, co n fo rm ist views. B oth his p aren ts w ere religious and, u ntil he was 23, he was a fairly regular C h u rch -g o er, freq u en tin g the C h u rc h of E ngland in his ch ild h o o d , then the M oravian C h u rch and, d u rin g his so jo u rn in In d ia, 1 9 1 6 -2 0 , the S cottish P resb y terian C h u rch . B ut w hen he re tu rn e d to E ngland he severed his connectio n w ith all organized or explicit religions. H is wife had sim ilar views and the B ates's hom e was n ot a religious one. H is dislike of religious cerem onial and trap p in g s led to cu rio u s incidents. Soon after he en tered T rin ity C ollege, C am b rid g e, th ere was an A rm istice D ay service in the chapel th a t he, as an ex-servicem an, was expected to attend . H e was w illing to do so b u t refused to w ear a surplice, w hich in those days was obligatory at chapel services, and said th at he w ould follow the service from the porch. T h e C haplain was consulted and it was finally agreed th a t Bates could atten d chapel w earing a gow n b u t not a surplice. It is said-p ro b ab ly ap o cry p h ally -th at the ab an d o n m ent of w earing surplices started w ith B ates's o ne-m an rebellion.
A lth o u g h he was n o t religious he could be in to le ra n t in religious m atters. It m ay have been an atavistic streak th a t m ade h im -and his w ife-absent them selves fro m th e w ed d in g of th e ir d au g h ter, E lizab eth , in a R om an C ath o lic ch u rch . B ut of course th ey w ere very m u ch p resen t at the ensuing sp len d id recep tio n .
H e knew his B ible w ell, o ften q u o te d fro m it, an d ex p ected o th ers to be equally well versed in th e scrip tu re s. I rem e m b er w hen, at th e close of a conference in G ren o b le, he m ade a b rie f speech of th an k s and th e n h an d ed th e text to a M . M a tth ie u w ho was sittin g in a p ro m in e n t po sitio n to accept th e m aterial h an d ed to h im for in clu sio n in th e conference P roceedings. As he d id so B ates said 'E t m a in te n a n t il ne m e reste q u e de te n d re m a redevance a S t M a tth ie u .' U n fo rtu n a te ly th e biblical p h rase ab o u t M atth ew sittin g at th e receip t of cu sto m was n o t know n to th e audience, certain ly n o t to M . M a tth ie u w ho was h eard to rem ark 'M ais je ne co m p ren d s pas, je ne suis pas c a th o liq u e '.
A lth o u g h n o t an ob serv in g , c h u rc h -g o in g C h ristian , his outlook, his perso n ality , his actions, reflected his C h ristia n u p b rin g in g . A N o tt ingham colleague d escrib ed h im fittingly as a 'secular C h ris tia n '.
H e was th ro u g h o u t his life a stau n ch socialist, a su rp risin g revelation to m e, and p ro b ab ly to m an y o th ers. A lth o u g h I h ad k now n B ates for som e 30 years, w ith o u t how ever b ein g a close frien d , I w o u ld have placed h im in the m id d le of th e political sp ectru m . T h is was p ro b ab ly because, as far as I know , he d id n o t take an active p a rt in L a b o u r P arty politics, and politics seldom en tered into o u r co n v ersatio n . B u t he was very active in th e A ssociation of U n iv ersity T ea ch ers, bein g a m e m b er of its E xecutive C o m m ittee for 13 years and its P re sid e n t in 1938-39. H e reg ard ed th is as one of his m ost im p o rta n t n o n -acad em ic activities. H is a tta c h m e n t to th e L a b o u r P arty is exem plified by his d elig h t w hen on his re tire m e n t, his secretary w ent to L o n d o n to w ork at 10 D o w n in g S tre e t in H aro ld W ilso n 's private office: he reg ard ed th is as a feath er in his cap.
As a child he grew up in m o d est circu m stan ces and he was p ro u d of the fact th at, th ro u g h his ow n efforts, he had reach ed a po sitio n of im p o rtan ce and influence. H e tried to im p ress u p o n his stu d en ts and young colleagues the im p o rtan ce of m an n ers, ed u catio n and ap p licatio n for im proving o n e 's statu s. H e had little patien ce w ith those w ho d id n o t m ake the m ost of th e o p p o rtu n itie s offered to th em . O nce, after c o n g ratu latin g a very b rig h t u n d e rg ra d u a te on receiving th e top F irst of his year, he asked h im w hat he w ould be d oing d u rin g the long vacation before startin g on his D .P h il. w ork. T h e stu d e n t, w ho was a b u s e n th u siast, said th a t he was going to w ork on the buses. Bates was o utraged: 'T h e G o v ern m en t is paying to keep you at the u n iv ersity and you are sq u an d erin g your tim e. I had to pay for m y ch ild ren to go to u n iv e rsity '. T h e b o y 's reply: 'I com e from a d ifferent social class from y o u rs', did n o t im prove m a tters and Bates rem em b ered the in cid en t for m any years and always referred to the you n g m an as 'B loody C .'
(b) L ife in the departm ent
A d escrip tio n of th e w ay B ates m an ag ed his d e p a rtm e n t, w hich was, for n early 30 years, th e cen tre of his w o rk in g life, show s his p erso n ality , his view s and his a ttitu d e s. W h en he cam e to th e U n iv ersity C ollege of N o ttin g h a m in 1936 th e P hysics D e p a rtm e n t was tin y , having a staff of five and an an n u al intake of 15-20. By th e tim e he retired the d e p a rtm e n t had m oved into its new b u ild in g and had increased ab o u t fo u rfo ld in size.
T h e d e p a rtm e n t was ru n p atern alistically : Bates was th e u n d o u b te d boss. H e k ep t an eye on ev ery th in g : stu d e n t intake, teach in g lab o rato ries, w ork sh o p , finance, general ad m in stra tio n . F o r th e la tter categories he had his tw o 'rig h t-h a n d m e n ', M r L eslie H eath , th e ch ief la b o rato ry stew ard , and M r H a rry W atso n , th e h ead of th e w ork sh o p . V ery often, w h en staff m e m b ers or research stu d e n ts asked h im a b o u t w orkshop p rio rities, m in o r p u rch ases, etc., he w o u ld sim ply say 'See H e a th ' or 'See W a tso n '.
H e had very reg u lar h ab its: he arriv ed at th e d e p a rtm e n t at 9 a.m . or ju s t before and left usually at ab o u t 5 p .m ., an d he liked o th ers to follow th e sam e ro u tin e. B ut he was n o t u n reaso n ab le and bravely p u t up w ith th e ra th e r irreg u lar h a b its-d u e to circu m stan ces o r in clin atio n -of lowte m p e ra tu re physicists an d th eo retician s. T h e d oor of his room was always open, excep t for h alf an h o u r after lu n ch w hen he had his siesta. S uch exchanges so u n d ra th e r inform al b u t, on the w hole, he was form al b o th in his attire and in his ap p ro ach to those in the d e p a rtm e n t, academ ic staff, technical staff, research stu d e n ts and u n d erg rad u ates. H e stuck to th e h ab it of n ev er ad d ressin g people by th e ir first nam e. A b o u t th e tim e of his re tire m e n t his a ttitu d e softened and, for instance, w ith P rofessor K. W . H . S tevens w ho had been a close colleague for ten years he eventually got on 'K e n ' and 'L eslie' term s. T h e re was only one exception in th e d ep artm en t: he always ad d ressed one young staff m e m b er as 'C o lin ': it m u st have been because his su rn am e was also Bates.
In his extensive co rresp o n d en ce he always ad d ressed his colleagues, m any of w hom becam e his frien d s, by th e ir su rn am es-b u t, su rp risin g ly , his co rresp o n d en ce w ith G . R. N oakes (E d ito r of Contem porary Physics) was on the 'B ob' and 'L eslie' level. W hen it cam e to A m erican colleagues Bates had to ad o p t the tran satlan tic cu sto m and, since they addressed him as 'D ear L eslie' (never 'D ear L e s ', m ercifully), he reciprocated w ith 'D ear B oz', 'D ear C h a rle s', 'D ear V an ', etc. In the d e p artm en t he was always addressed as 'S ir' or 'P rofessor B ates' or 'P ro f.', even by those w ho in age and status w ere nearly his equals.
S ecretaries w ere always addressed as 'M iss' or 'M rs ', th o u g h in conversation they w ere often referred to by th e ir first nam es. As for young technicians, th ere w ere rarely add ressed directly. Bates w ould go into the w orkshop and ask the head 'D o you th in k , W atso n , th a t E d w ard could repair th is?' So W atson w ould tu rn to E d w ard w ho was stan d in g by his side: 'D o you th ink you could rep air th is for th e P ro fesso r?' T h e answ er 'Yes, M r W a tso n ' was then co m m u n icated to Bates. T h is sounds rath e r fo rb id d in g b u t people did n o t m in d and w ere even am used by it. A nyw ay as Bates got to know b e tte r th e you n g tech n ician s th e b a rrie r gave way and he w ould chat to th em ab o u t th e ir life and th e ir in terests.
Bates had an office in the d e p a rtm e n t after his retirem e n t. By th en his form ality had m ellow ed so th a t M r R in g er and M r W eb ster, respectively the successors of M r H eath and M r W atso n , becam e 'D e re k ' and 'P e te r'. T h e y still saw q u ite a lot of Bates because he often asked th e technical staff to carry ou t rep airs at his hom e. T h e w ork was m eticu lo u sly tim ed and the ap p ro p ria te am o u n t paid to the un iv ersity . A re c u rre n t jo b was repairing the asbestos wall of the garage w h en ev er W in n ie (M rs Bates) crashed into it. Finally Bates su sp en d ed a p in g p ong ball from th e ceiling, w hich, by b u m p in g against th e w in d screen , w arn ed W in n ie w hen to stop.
Bates regularly to u red the lab o rato ry . H is visits to the various research groups n o t con n ected w ith his ow n in terests w ere m ainly sym bolic; he did not try to keep up w ith ev ery th in g th a t was going on. B ut he was concerned abo u t th e ir having ad eq u ate resources of m oney and m an p o w er w ithin th e d e p a rtm e n t's m eans. H e if an y th in g took a back seat w hen it cam e to fu n d s and research stu d en ts; for instance he nev er tried to grab the b rig h te st finals stu d e n t for his sm all research g ro u p . U n til the late 1950s the lab o rato ry was ru n finanically on a sh o estrin g . Bates was so used to the p arsim o n io u s financing of the C ollege days th a t he co n tin u ed in th e sam e way, alm ost m aking a v irtu e of it. T h is was possible w hile the d e p a rtm e n t's w ork was m ainly co n cen trated on ferrom agnetism , and he m ay even have h o p ed th a t the sam e could be tru e for lo w -tem p eratu re research. T h u s w hen D r M atth ew s jo in ed the d e p a rtm e n t in 1956 Bates asked him w h eth er a lo w -tem p eratu re facility could be set up for £400! A fter th a t he becam e m ore active in g ettin g research grants.
H e enjoyed looking into the teach in g lab o rato ries and talking to the s tu d e n ts -m ore p articu larly to girl stu d en ts because, as P rofessor D. H . M artin rem arked, 'he had a ro m an tic liking for w om en and those research stu d en ts w ho had girl frien d s or wives w ere m ore noticed by him than those less fo rtu n ate!' It is open to co n jectu re w h eth er his dislike of girl s tu d e n ts ' w earing tro u sers sp ran g from his o rth o d o x views ab o u t dress or because he enjoyed th e sight of shapely legs: after all he had first noticed his W innie for her b eautiful shoes. O nce, on seeing a girl in tro u sers stan d in g on a laboratory bench ad ju stin g an ap p aratu s, he tu rn e d to the d em o n strato r and said 'H ave a w ord w ith th a t w om an and tell h er th at in fu tu re tro u sers will not be w orn in the physics d e p a rtm e n t'. H e also disliked b eard s and, w hile he d id n o t b an th e m , he used to say to the c u lp rits 'Y ou do realize, I h o pe, th a t a b eard cancels o u t a P h .D . in an in terv iew for a jo b '.
Bates used to in terv iew p erso n ally all can d id ates w ho w an ted to read physics, and it was n o t u n til a b o u t 1960 th a t he began to share th e task w ith som e of his sen io r colleagues. H e insisted , how ever, th a t, w hen in terv iew in g w om en can d id ates, M iss G . W o rtley , th e n A ssistan t R eg is tra r for th e Sciences, sh o u ld be p resen t. It nev er becam e clear w h eth er M iss W o rtley was th e re to give co m fo rt to th e can d id ate or as a ch ap ero n . B ates's q u estio n in g reg u larly en d ed w ith an e n q u iry ab o u t th e c a n d id a te 's m anu al d ex terity . 'D o you sew, or knit? A re you w earing a n y th in g you have m ade? C o u ld you show it to m e?' B ut th is was said as a little joke and n o t to em b arrass. In fact Bates was a p a tie n t and co n sid era te ex am in er an d w en t o u t o f his w ay to m ake th e can d id ate feel at ease. H e was m o st u p set w hen, on one occasion, a girl can d id ate w ho was doing q u ite well, w ep t co n tin u o u sly th ro u g h o u t th e w hole viva in spite of B ates's increasin g ly kin d an d en co u rag in g rem arks. W h en she left, Bates asked th e in tern al ex am in er w hy th e girl was in tears. 'A h, th at. She has ju s t been fitted w ith co n tact le n ses.'
T h e B ateses d id n o t e n te rta in m u c h at hom e. O nce or tw ice a year they w ould have a p arty , especially w h en , after an in terestin g foreign trip , Bates could p u t on a slide show , w hich was in v ariably p u n c tu a te d by verbal b attles b etw een h im an d W in n ie: 'T h is is a view of T o k y o ', 'O h, no, Leslie, th a t was taken in K y o to ', etc. H is fre q u e n t references to 'm y sw eet W in n ie ' w ere u sually follow ed by a p e re m p to ry 'N o t so m u ch of th e " m y sw eet W in n ie '' p le ase'.
It was on these such social occasions at hom e or at conferences, w here Bates was rarely seen w ith o u t W in n ie, th a t one sensed th e h arm o n io u s relatio n sh ip betw een these tw o very d ifferen t people. W in n ie had th e m ore forceful ch ara cter and was clearly th e d o m in an t p a rtn e r, b u t th is seem s to have su ited Bates an d in no way d im in ish ed his devotion and affection. H e was p ro u d of th e fact th a t W in n ie was a scien tist and th a t she kept up h er in v o lv em en t w ith th e B ritish F ed eratio n o f U n iv ersity W om en. T h e irs was a tru e p a rtn e rsh ip w hich en d ed sadly w ith h er death in 1965. B ates's loneliness d u rin g the last 12 years of his life was alleviated by his scientific activities and by the co m p an io n sh ip of the colleagues he m et at his reg u lar lunches in the F acu lty C lu b , sittin g at w hat he called the 'g eriatric ta b le '.
(c)His hum our, his principles
Bates had a rath e r R abelaisian sense, of h u m o u r. T h e re was in the Biology D e p a rtm e n t a le ctu rer called A p in is-w ith the accent on the first syllable. H e never m issed an o p p o rtu n ity of em b arrassin g an elderly fem ale colleague w hom he disliked by asking h er :'D id you see A pinis to d ay ?', placing the stress on the second syllable. Som e of his rem arks, said half as a joke, h alf in ern est, could be h u rtfu l b u t w ere te m p ered by being u ttered w ith o u t m alice. H e once said to a ju n io r le ctu rer 'You are m uch b e tte r off than I was at y o u r age. I had to em ploy a m aid, a n an n y and a cook. Y our wife does it all for y o u '.
Bates had stro n g ly held views ab o u t w h at he th o u g h t was due to him . T h u s he used to co m m en t b itterly on th e fact th a t his was barely above the average of the professorial salaries at N o ttin g h am . H e th o u g h t th a t as an F .R .S . and as H ead of a D e p a rtm e n t he sh o u ld get m ore. 'W h en will I ever get to the top? D o I have to get the N obel P rize?'
T h e sam e a ttitu d e is show n in a letter w ritten in early M arch 1949 to A n d rad e w ho, as F oreign S ecretary of th e Physical S ociety, in fo rm ed Bates th a t the C ouncil of the Societe F ran^aise de P h y siq u e had chosen him unanim ously for the H olw eck P rize. In co n g ratu latin g him , A n d rad e also said 'T h is m ay be som e consolation if you sh o u ld be faced, as I fear m ay be th e case, w ith a n o th er d isa p p o in tm e n t in an o th e r q u a rte r this year . Bates knew th a t this m ean t th a t his nam e was n o t am ong those proposed by the C ouncil o f th e Royal S ociety for election to F ellow ship and co m m en ted thus: 'I am afraid th a t th a t p a rtic u la r m a tte r is alm ost beyond m y co m p reh en sio n . I sh o u ld have th o u g h t th a t n in e years was a sufficiently long tim e for any reasonable research w o rk er to have to w a it.' H e believed in th e im p o rtan ce of a 'p ecking o r d e r ' w hen it cam e to h o n o u rs and pro m o tio n . W hen in th e follow ing year, 1950, he was elected to the Royal Society his pleasu re was m a rre d by th e election of colleagues w ho w ere considerably you n g er, and he w ould g ru m b le 'T h e y could have w aited an o th er tw o or th ree y ears'. H e was often jealo u s of th e successes of those he consid ered his equals, b u t he m ellow ed in this respect.
I o those he reg ard ed as his 'ju n io r s ' he was g enerous. P ro fesso r K. J. S tandley, w ho sp en t 10 years in N o ttin g h a m , first as L e c tu re r th en as R eader, w rites: 'W ork in g in a d e p a rtm e n t ru n by L. F. B. was a pleasure. H e had a great loyalty to his staff and he fo u g h t h ard usually very successfully for th e m in such m a tters as p ro m o tio n , salary, research space, eq u ip m e n t and so on. In his tu rn he expected loyalty his staff and one or tw o folk w ho in his eyes failed to m eet the stan d ard req u ired really d istressed h im . ' Bates had a stro n g sense of ju stice and, as P ro fesso r E. W . Lee w rites, n o th in g roused his anger m ore th an injustice. T o w ard s the p e rp e tra to r of such injustice Bates was unfo rg iv in g and u n fo rg ettin g and he w ould stop at n o th in g to see th a t m a tters w ere eventually p u t rig h t.' H e also fought for his own rig h ts-or w hat he believed to be his rights. T h u s in 1963 he co rresp o n d ed at length ab o u t the p ark in g of an u n sig h tly red trade van next d oor to his house in th e Park E state. H e was convinced th at this was in breach of the co n d itio n s u n d er w hich the E state was sold by the original ow ners, nam ely the L^ni versify of O xford. Fdowever, he was unsuccessful and he ends the co rresp o n d en ce on a note of resignation. 'It is all very d ep ressin g w hen people are ev erlastingly w ritin g to The Times a b o u t p reserv in g th e am en ities of O x fo rd .'
(d ) H is standing as a scientist
L oo k in g at B ates's scientific and p rofessional activities, his p erso n ality and his relations w ith o th ers, one is led to th e q u estio n : W h a t was it th a t m ade h im such a well k now n figure in th e physics c o m m u n ity , b o th nationally and intern atio n ally ? O ne of his fo rm er research stu d e n ts rem ark ed , p erh ap s a b it h arsh ly , 'I h ad nev er once h eard B ates offer a w o rth w h ile co m m en t on any aspect of physics d u rin g m y association w ith him . A nd yet his love of physics and of m ag n etism in p a rtic u la r was b o th g en u in e and sin c e re .' T h e answ er seem s to be th a t w h en ev er he u n d erto o k so m eth in g -an d he d id a g reat variety of th in g s-he dev o ted h im se lf conscientio u sly an d w ith u n s tin tin g zeal to the task an d never failed those w ho p u t th e ir tru s t in h im . It was th is ab so lu te reliab ility and his kindness, co m b in ed w ith a search in g b u t totally un m alicio u s in terest in people, th a t m ade a lastin g im p ressio n on those w ho cam e in co n tact w ith him .
W as he a tru ly g reat physicist? H e h im self m ay have had som e d o u b ts a b o u t it because he once w rote: 'I was in terested to learn th a t R u th e rfo rd d escrib e d m e to som e of m y B ristol frien d s as a chap w ho w ould p ro b ab ly n o t fly over hedges b u t w ho w o u ld n ev erth eless get th e re in th e e n d '.
T h e re is p erh ap s an elem en t of tru th in a rem ark, cruel an d exaggerated th o u g h it m ay seem , m ad e by one o f his m o st gifted stu d en ts. 'Bates seem s to be h a u n te d by th e fear th a t we shall find o u t w h at a te rrib le old frau d he really is. W h at he d o e sn 't seem to u n d e rsta n d is th a t we found o u t years ago-and no one m inds.' I th in k th a t P ro fesso r D . H . M artin w ho was b o th an u n d e rg ra d u a te an d a research stu d e n t u n d e r Bates expresses well th e sen tim en ts of B ates's frien d s and colleagues w hen he w rites: 'I rem e m b er h im w ith w a rm th an d resp ect for his h u m a n stren g th and w eaknesses'. M y w ork was en o rm o u sly h elp ed by m y hav in g access to B ates's p ap ers (correspondence, lectu re notes, speeches, etc.), w hich w ere so rted and catalogued by M rs J. A lton and M rs J. L a th a m -Ja c k so n at th e C o n te m po rary Scientific A rchives C en tre in O x fo rd and are now d ep o sited in th e M a n u sc rip t D e p a rtm e n t of th e U n iv ersity of N o ttin g h a m L ib ra ry . I found the detailed h an d list of th e collection w ith its copious aperfus and historical com m en ts invaluable and I w an t to express m y w arm est th an k s to M rs A lton and M rs L ath am -Jack so n . M rs M . A. W elch, K eep er of th e M a n u sc rip ts at N o ttin g h am , very k indly offered m e on tw o occasions a w orking place in the M a n u scrip ts D e p a rtm e n t and h elp ed m e in m any ways, and for this I am very g ratefu l.
T h e p h o to g rap h rep ro d u ced was taken by W alter B ird in 1960. 
